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Large literatures across many social science disciplines have sought to understand key determinants of children's socioeconomic status attainments during the transition to adulthood.
Behavioral geneticists consistently report heritability estimates of educational attainment of approximately 40%, suggesting the substantial importance of genetic endowments for adult socioeconomic status.
2 However, a host of papers in sociology, economics, and associated disciplines have shown that environmental factors and policies also predict schooling outcomes (See Haveman and Wolfe (1995) for a review). In the past, scholars have debated whether genes or environments are more important in predicting socioeconomic status, but current research has shifted attention to the interplay between the two forces (e.g. Heckman 2007 ). This shift was anticipated by results from behavioral genetics that showed that estimates of heritability vary by the socioeconomic status of the family (e.g. Turkheimer et al. 2003) , suggesting geneenvironment interplay. Indeed, an important recent meta-analysis of twin studies showed evidence that genetic influences on educational attainment differed across countries and birth cohorts (Branigan et al., 2013) .
While the importance of gene-environment interaction in determining socioeconomic status attainments is conceptually attractive, providing direct empirical evidence of interaction presents many challenges. Most studies are unable to leverage research designs that can separate gene-environment interaction effects from other processes. In particular, because parents contribute to both the genetic and environmental advantages/disadvantages of their children (labeled gene-environment correlation in the literature), it is difficult to separately estimate the main effects of genetics, environments, and their interactions. This is an important issue, as Belsky et al. (2016) Table 2 shows no evidence that the 1918/1919 paternal exposure indicator is related to the composition of the analysis sample.
Following the literature (Schmitz and Conley 2016 ) the key genetic score is calculated based on results from a genome wide association study (GWAS) meta-analysis of educational attainment by the Social Science Genetics Association Consortium (SSGAC) that aggregates 5 See Domingue et al. (2016) for evidence of limited impacts of mortality selection in the HRS genetic sample. A worry for the current analysis is that individuals with higher PGS for education are more likely to survive and be included in the sample and thus genotype would be correlated with parental birth years (i.e. age). Results in Table 2 suggest limited evidence of gene-environment correlation in that parental birth year in 1918/19 is not statistically significantly linked with child PGS. 6 There are several reasons to exclude non-white respondents. The current PGS are less predictive in non-white samples and the samples sizes of non-white respondents for these birth cohorts are small, suggesting a limited ability to detect effects.
thousands of genetic markers in the form of single nucleotide polymorphisms (SNPs) that capture variation at single positions (loci) across the genome (Okbay et al., 2016) . Each SNP value is weighted by the association between the SNP and educational attainment in the larger GWAS (of over 350,000 observations) and summed across over 1 million loci to create a single scalar measure that predicts education attainment for each person in the data; the measure is then standardized within the HRS sample to aid interpretation.
While the scalar measure captures only genetic information that has been shown to be predictive of educational attainment in the GWAS meta-analysis and the sample is limited to individuals who self-report white race, the genetic score might still capture subtle population differences across respondents who report white race (e.g. those with primarily Italian vs.
German ancestry) and these population differences might also be related to educational attainment through social processes, such as patterns of migration and settlement. This source of confounding is called population stratification. This paper follows the literature and corrects for this source of confounding through adding controls for 20 genome-wide principal components of the genetic data.
Empirical Specification
The primary question of interest for the analysis is whether genotype interacts with environment to determine children's educational outcomes. The key quasi-experimental variation comes from respondents' parents in utero exposure to the 1918 influenza pandemic. Following much of the literature, I code birth years 1918 and 1919 as "exposed" because the pandemic occurred during the later quarter of 1918 and first half of 1919 so that a large proportion of individuals born in these years were at least partially exposed in utero. I estimate regressions of the following form (Almond 2006 ):
where is the outcome for individual i, (parental) birth year is entered as linear and quadratic terms, demographic controls (gender) are used, and there is an idiosyncratic shock( ). The coefficient of interest is 1 which estimates the "jump" in the outcome attributed to in utero exposure to the 1918/1919 influenza pandemic. Appendix Table 3 replicates results in the literature that used other samples (Almond 2006) showing reductions of a few months of schooling for the first generation (i.e. those directly effected).
Extending the literature, this paper examines multigenerational effects of exposure of the first generation on the second generation. The first analysis examines whether the genetic score of the second generation is affected by paternal exposure:
The final specification focuses on potential gene-environment interactions between first generation exposure and the second-generation genetic score in determining the second generation's educational attainment. Table 2 presents results for predicting the genetic score of the second generation (the HRS respondents). While the effect is positive, suggesting higher genetic scores for children of affected fathers, the result is imprecisely estimated. Column 2 adds a control for paternal education, which reduces the estimate on influenza exposure and is highly predictive of the child's genetic score (see also Appendix Table 2 ). Table 3 presents the estimates of gene-environment interactions. Column 1 shows that paternal exposure has a small and imprecisely estimated effect on the second generation's educational attainment for the full sample. Column 2 examines gene-environment interaction in the full sample. While the genetic score is highly predictive of educational attainment, the interaction is negative but not statistically significant in the full sample. Columns 3 and 4 split the sample by the sex of the second generation. Column 3 suggests large gene-environment interactions for females in the second generation, while the effects of a one standard deviation increase in the genetic score is to increase educational attainment by nearly 2/3rds of a year, this effect is reduced by half for females with fathers who were exposed to influenza (See also Figure   1 and 2). Column 4 suggests no interaction for males in the sample but a similar effect of the genetic score. Column 5 shows no interactions with maternal exposure (in results not shown, there is no interaction for sex-stratified estimates).
Conclusion
This research note makes several contributions to the literature examining environmental shocks on long term outcomes. First, the use of the HRS data to examine the 1918 influenza pandemic is novel to the literature; in doing so, I replicate findings from Almond (2006) that show education reductions for exposed cohorts. This replication supports the use of adult children's reports of parental birth years and could be extended in future work on the mechanisms of the impact of the pandemic. Second, this paper is one of the first to examine the intergenerational impacts of the 1918 influenza pandemic on the second generation 7 . Finally, the key contribution of the paper is to leverage quasi-experimental variation in environmental exposure to poor conditions to examine gene-environment interactions predicting educational attainments in a national sample.
The results suggest that females who have high genetic scores but whose father was environmentally exposed attain less schooling than those who did not have affected fathers.
These findings show how environmental factors can constrain genetic potential, particularly in an era (birth cohorts around 1940) when women faced many barriers to educational attainment.
Future work should seek to explore the potential mechanisms behind these interaction effects.
One possibility is that affected fathers had children with women with lower schooling than unaffected fathers, which lowered the genetic endowment of the next generation. The findings in Fletcher (2017) do not support this mechanism. A broader possibility is that affected fathers faced a series of health challenges over their life courses, documented in part by Almond (2006) and Almond and Mazumder (2005) , that constrained the educational attainments of their daughters who would otherwise have achieved higher levels of schooling, potentially shifting daughters into caregiver and work roles that were not shifted to sons.
7 Cook et al. (2016) 
